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Abstract
Myosins are molecular motor proteins that use ATP hydrolysis to move along actin
filaments. Functionally, they have been identified as being responsible for organelle motility,
intracellular vesicle transport, cellular structure, root hair elongation, and Arabidopsis growth.
Over time, evolution has generated a multitude of myosins creating a gene superfamily.
However, in Arabidopsis thaliana there are only two classes of the myosin family present, class
VIII and class XI.1 Even though there are only two classes present, each of these classes is
relatively diverse and the exact role of each myosin is still not yet known. In our research, we
examined the root length phenotype of myosin-deficient mutants under stressed conditions
lacking MYA1, XIK or both genes to determine if loss of either gene creates a detectable
phenotype. We found that the absence of the XIK gene under a salicylic acid stress resulted in a
reduced root length. Also, when compared directly to the wild-type under normal conditions, the
xik mutant showed a reduced root length.
Introduction and Hypothesis
Most myosins in class XI are similar and consist of three parts: a large amino-terminal
“head” domain responsible for attaching to the actin filaments and providing a motor that utilizes
ATP hydrolysis to allow movement of the myosin, a regulatory “neck” region that has a
calmodulin binding motif, and a long carboxy-terminal “tail” region responsible for cargo
attachment.2
Knowing that the myosin family shares similar modes of action, our goal was to see if we
could differentiate two of the class XI mutants, mya1 and xik, based on phenotypic responses.
Earlier studies had shown that class XI mutants had affected the root hair growth of Arabidopsis
thaliana seedlings and were partly responsible for plant growth. In a study published in 2008,
two of the thirteen class XI myosins, XIK and MYA2, were found to be necessary for normal
root hair growth and organelle trafficking.3 Through gene knockouts of all class XI mutants, it
was observed that the root hairs of plants lacking XIK and MYA2 were significantly shorter than
the knockouts of other myosin genes and the wild-type. The authors fluorescently tagged the
myosin cargoes of these two proteins which included Golgi-stacks, peroxisomes, and
mitochondria. Using confocal microscopy, they were able to track and record the velocities of
these organelles and compare them to the wild-type and the other knockout lines, and they
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repeated this tagging technique in other plant organs such as the leaf cells. Their results showed
that inactivation of XIK and XIB reduced the velocity of their organelle cargo approximately 1.5
to 3 fold. Because they observed this in the root hairs and other plant organs, it was assumed that
the defects in root hair growth were directly attributable to the slower organelle movement.3
Further experimentation by the same group involved looking at double, triple and
quadruple knockouts of the class XI gene family. The closest paralogs of XIK and MYA2, MYA1
and XIB respectively, were examined by gene knockout studies in various combinations. It was
observed that the myosins and their paralogs which are all known to participate in overall
growth, root hair elongation and organelle motility have overlapping functions. Some were
dependent on the presence of another myosin while many of the combinations displayed additive
effects in regards to reduced velocities of organelles. This also supported their previous data that
suggested that high-velocity transport of organelles is required for optimal plant growth.4
Functional redundancy and specialization of the class XI myosins was further elucidated upon
triple and quadruple knockout combinations. The data showed that progressive elimination of the
highly expressed class XI myosins genes (XIK, MYA1, MYA2 and XI-I) resulted in an
increasingly stronger dwarfing phenotype and delayed plant development. Also, the increasingly
reduced myosin-dependent organelle motility in the triple and quadruple knockouts correlated
with a progressive reduction in cell expansion. They concluded that cell growth defects in
response to myosin elimination are likely a cumulative result of the abolished motility of
organelles and endomembrane vesicles and F-actin restructuring. This advocates the concept that
myosin-driven cell interior dynamics are required for cell expansion which translates into proper
plant growth and development.5
Given that information, we decided to look at the root length of mutant seedlings under a
heat stress and a salicylic acid stress to see if our myosin mutants would show phenotypic
differences under these stresses. We chose these stresses because they would be commonplace in
a natural environment; heat because we believe it possible that Arabidopsis thaliana could have
developed a myosin mediated response to this stress and salicylic acid because it is a plant
hormone that has roles in plant growth and pathogen defense so its mediation by myosin is very
likely. We expected to see a possible difference in root length between our xik and mya1/xik
mutant in both of the stress experiments given the previous research done explaining the role of
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XIK in plant growth and also observe if mya1 had an effect on root length under the given
stresses.
Heat stress experiments on Arabidopsis thaliana mutants has been performed before with
mutants having known roles in signaling pathways, reactive oxygen metabolism, or been
previously found to have temperature related phenotypes. A common trend among mutants that
were defective in thermotolerance was that they also showed an accumulation of thiobarbituric
acid reactive substances (TBARS) indicating increased oxidative damage to lipid membranes.6
Salicylic acid has been found to enhance the reinduction of the late maturation program during
early stages of germination allowing the germinating seeds to enhance their capacity to mount
adaptive responses. Other processes affected by salicylic acid involve the quality of protein
translation, the priming of seed metabolism, the synthesis of antioxidant enzymes, and the
mobilization of seed storage proteins which help to improve seed vigor.7 However, in
Arabidopsis thaliana salicylic acid is also proposed to increase the oxidative damage created by
NaCl and osmotic stresses resulting in seedling lethality.8 Since both of these stresses have been
known to cause oxidative damage to the lipid membrane, we believe it possible that myosindriven organelle movement could transport additional lipids to the damaged area for membrane
repair in order to help the plant properly cope with the stress.
We speculate that some myosins may be involved in vesicle movements in response to
these stresses, particularly those that have been shown to play roles in cell expansion and plant
growth under optimal conditions. We hypothesized that if one of the mutants displayed a
phenotype that was significantly different from the wild-type (which has the full complement of
myosin genes) then that particular mutant may be responsible for an important function under the
given stress. We also performed a direct comparison of the wild-type and xik mutant in a nonstressed environment to see if our results from the other experiments could be validated. In the
direct comparison with the wild-type, we also compared the YFP-XIK tagged gene with a xik
background to investigate if the damaged gene had been repaired.

Methods and Materials
For each experiment, the plates were made with a 1.12g/L Murashige and Skoog
medium, deionized H2O, 10g/L of sucrose, and 0.2% final concentration of phytagel (including
4

diluted stock salicylic acid in the corresponding experiments). The media were adjusted to have a
standardized pH of 6 before being autoclaved and poured. In the salicylic acid experiments, our
stock solution was composed of 250µM salicylic acid and stored in 1mL eppendorf tubes in a
freezer at -20°C until dilution and use. After the flasks containing the growth medium had been
autoclaved, the appropriate salicylic acid concentrations were added under a sterile hood. Before
plating the seeds, they were sterilized with a three minute 95% ethanol wash, followed by a 3
minute wash with a solution of 30% bleach and 0.1% TritonX-100, and finally rinsed 5 times
with sterile H2O. Directly after plating the seeds, they were stored in a cold room at 3.8°C. Each
experiment allowed the seeds 48 hours in cold storage to properly synchronize the start of their
germination. The seeds were then placed on vertical plates in a growth chamber set at 22°C
under a 16/8 hour light/dark regime where they were allowed to grow for 72 hours. From 72
hours after germination, they were observed every 24 hours. This involved taking pictures of
each plate with a Canon Rebel-X5 camera and uploading them on a computer. Root length
measurements were then taken via the program ImageJ and statistical analyses were performed
to generate our results.
Results
The intention of the heat shock treatment was to observe if the myosin-deficient mutants
had a different phenotypic response than the wild-type which would imply that the lack of a
certain myosin might be responsible for growth and development under stressed conditions. The
heat shock experiment was performed in triplicate at 45°C for 60 minutes and 70 minutes to
seedlings that were grown for 72 hours on vertical plates. When compared to the wild type which
exhibited stunted growth rate and decreased overall root length relative to the control, the mutant
genotypes showed no significant differences in the root length over the next 168 hour time period
(see fig.1). Although the seedlings showed an unexpected phenotype concerning principal root
domination, the phenotype was displayed consistently throughout all of the wild-type and mutant
strains. Therefore, we concluded that MYA1 and XIK played no critical role in heat stressed
conditions relative to normal conditions.
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Figure 1: Pictures from Heat Stress Experiment. Note the reduced growth of all plants
over time in the 60 min. and 70 min. stresses. Also observe in the last time period the multiple
principal roots in the stressed experiments. The data showed insignificant differences between
the wild type and mutant root lengths. N=12 for each timed stress. Four seeds per genotype per
plate.
Our purpose in conducting the salicylic acid stress was to observe if any of the mutants
responded with a different phenotypic response than the wild type which would indicate an
involvement with salicylic acid presence. The salicylic acid experiments were also performed on
vertical plates under varying concentrations over a 168 hour time period. After preliminary
testing, we decided that salicylic acid concentrations of 250µM, 75µM, 25µM, 7.5µM, 2.5µM
and 0.25µM would provide us with a good range of root length inhibition, and other studies have
also confirmed the effects of salicylic acid reducing plant growth and specifically root length.7
We found that a concentration of approximately 22.2 µM, salicylic acid inhibited the root length
growth by 50% for the wild-type; this measurement is also known as the IC50. Unfortunately,
the data was not strong enough for a rigorous statistical determination of the IC50 of xi-k.
However, it would seem that the loss of XIK resulted in increased sensitivity and a shorter length
for all of the concentration conditions. The results showed that mutant xik root length was
significantly shorter than the wild-type or the mya1 mutant and that the xik mutant had a lower
24 hour growth rate under salicylic acid stress (see fig.2). Interestingly, the double mutant did not
show similar results to the xik mutant.
6

Figure 2: Pictures form the salicylic acid stress experiment. This figure shows a control,
the significantly different phenotype of xik at one of our first concentrations and greatly inhibited
growth towars the end of our scale. P-values for both the 144 and 168 hour time points of 2.5µM
SA were less than o.o5
We also conducted an experiment between wild-type and the xik mutant to see if our
results from the salicylic acid stress could be attributable to the stress or if they were present
during normal conditions. We observed significant differences in root length between the two
genotypes. We also included a YFP-XIK tagged gene with a xik background to determine if the
tagged gene had fully repaired the mutant. Our data showed only partial recovery with the tagged
gene.
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Figure 3: Data from the salicylic acid experiments showing root length growth the past
24 hours for every 24 hour interval from 96 hours to 168 hours. Observe the reduced in 24 hours
of xik relative to the other genotypes. In fact, from the 144 hour time point onwards, xik was
significantly different (p-value<0.05) from the wild-type at every concentration except in the
case of the 75µM at 144 hours. N=12 per genotype per concentration.

Discussion
In the salicylic acid trials, the xik mutant showed a phenotypic response that was
significantly different from the wild-type, whereas the mya1 mutant and the double mutant did
not deviate significantly from wild-type. When compared to the wild-type under normal
conditions, the average total root length of xik was decreased by an average of 19%, and the
growth rate per 24 hours was approximately 20% less than the wild-type (with some time periods
being reduced by as much as 30%) (see fig.4).
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Figure 4: Graph of the average growth rate per 24 hours of wild-type, xik, and repaired
gene. At every interval the xik mutant root length differed significantly from the wild-type (pvalue<0.05). Also note that the repaired gene did not recover fully. N=15 per genotype.
Given the results, loss of XIK does appear to have an effect on root length and root
growth rate. Although previous research subjected Arabidopsis thaliana to similar conditions
using similar methods, only root hair length has been generally examined while root length
decreases in xik have been noted but not extensively studied.4 Also, the research of another
experiment claimed loss of the XIK gene resulted in root hair length decreasing by as much as
30%.9 I would speculate that XIK has a similar function regarding organelle trafficking and cell
expansion in cells of the main root much like the cells of root hairs. Losing XIK would result in a
decreased velocity for organelles which would contribute to a reduced growth rate and lesser
overall growth when compared to the wild type. The sensitivity of root hairs to the loss of XIK
might be greater than the main root but the data trends seem to support this hypothesis. Although
the mechanisms for main root and root hair elongation are very different, it would appear on the
surface that the XIK myosin aids in the elongation of root hairs and main roots in Arabidopsis
thaliana.
The salicylic acid experiment did give a significant phenotypic response for xik when the
other mutants did not. Unexpectedly, the double mutant did not show the same response as xik.
The reason for this may be because the combinatorial knockouts offset one another. For example,
XIK might be responsible for a positive regulation in the speed with which organelle and vesicle
movement takes place. MYA1 could be responsible for a slower movement that may not be
9

inhibitory but works in opposition to the faster actions created by XIK. By knocking out XIK we
might be seeing the full effects of MYA1 in the reduced root lengths. Although we don’t see the
opposite occur if MYA1 is knocked out, this may be due to the production level and influence of
XIK overpowering the actions of MYA1 under normal conditions. This would explain the nonsignificant decrease in the xik/mya1 mutant root lengths because they would offset each other
with XIK absence being slightly more pronounced. What we find intriguing with regards to the
salicylic acid experiment is the IC50 of xik.

Figure 5: The IC50 of xik would appear to move to a lower concentration and become more
sensitive to salicylic acid according to the data. However, the data presented is not strong enough
to perform a rigorous statistical test of the IC50 of xik compared to that of the wild type.
Though the data was not strong enough to statistically support it, the trends in the IC50
would indicate that the xik mutant has an increased sensitivity to salicylic acid (see fig.5). It
might be possible that the oxidative damage caused by salicylic acid is increased due to the
possible inability to facilitate the movement of vesicles involved in salicylic acid pathways
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properly inside the cell. This inability to provide necessary XIK cargoes, such as lipids for
replacement in damaged membranes, could result in prolonged oxidative damage resulting in the
inhibition of plant growth for xik mutants. However, further stress experimentation needs to be
done to confirm if the lack of XIK myosin protein is somehow also involved with mediation of
salicylic acid responses. To test this, it would be useful to run experiments with the same
parameters as ours and test knockouts of all thirteen class XI myosins under salicylic acid stress.
If xik was still the only one that differed significantly, it would be beneficial to examine specific
cargoes of XIK and observe if there is any correlation between them and the necessary
compounds that are involved in the salicylic acid pathway. If there seems to be a connection, it
might be possible that XIK is responsible for transporting specific cargoes necessary for a plant
to cope with salicylic acid stress.
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